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Weight, durability and performance are all major concerns for any NASA mission. Use 
of lightweight materials, such as fiber reinforced polymer matrix composites can lead to 
significant reductions in vehicle weight and improvements in vehicle performance. 
Research in the Polymeric Materials Branch at NASA Glenn is focused on improving the 
durability, properties, processability and performance of polymeric materials by utilizing 
both conventional polymer science and engineering as well as nanotechnology and bio- 
inspired approaches. This presentation will provide an overview of these efforts and 
highlight recent progress. 
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Aeronautics Restructuring at NASA 
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Looking for greater cost-shared partnering with industry 
Using NRA as the primary (only) vehicle for grants and contracts 
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Aging Aircraft 

- Effects of aging on ballistic impact behavior of composites 


National Aeronautics and Space Administration 



O 


0 


0 

0 

E 

c 

> 

0 

o 

0. 

c 

o 

Q. 

0 

E 

-Q 

o 

(0 

(/) 

o 

(0 

c 

0 

o 

o 

o 

0 

Li 

3 

a. 

Q. 


o 

LL 


0£ 

(L 




O CD 


CO 

0 

E 

o 

Q. 


CD 

c 

CO 

CO 

0 

o 

o 


CO 

o 

o _ 

LL 

> oc 

s_ 

0 o 
E ^ 


0 

1.8 

o o 

CL CL 

E O 
o 

o > 


CL 

0 

D 

0 


E 

o 


0 

C 0 
0 


Q_ C O 


. 0 . 0 

_0 _Q 

CL 
O 


0 

JD 

0 


C 0 

0 


3 

0 


= CO u_ 

Ob 

O 
~0 CD 


0 0 
CL 

E 

0 


0 
o 
o 
0 

> __ 

0 


OLD 


0 

O 

0 

~o 

0 

o 

H— » 

-i— < 
0 

E 

0 

o 

L_ 

0 

E 

o 

■■ j? 

o o 

§ £ 

C ~o 

Q. O 

£ 2 

< • 


~o 

c 

0 

CD 

H 

c 

o 

o 

0 

4— 

■4— 

0 

0 

E 

c 

E 


CD 


_C 




o 


c 

h— » 

0 

-C 

L_ 

O) 

JD 

0 

1 

£ 



CD 

_0 

o ^ 

o -b 

0 

o 

j= 0 

0 


0 

8 oo 

0 o 

> H 


2 E 
E >» 

, 0 

_0 03 
O 0~ 

o 

0 .<2 

o £ 


o 

E 

"D 

0 

H— » 

_0 

E 


0 

E 

0 

o 

CL 

0 

o 

■0 

c 

LLI 


o 

-I— > 

0 

0 

Is 

0 '-p 

w ® 

| 2 

0 Q_ 

o £ 

0 03 

0CO 

=>o 

0 0 

oo 

■-J3 c 
8.2 
is 


0 

0 

'oi 

O 

O 

c 

o 

0 

H 

CL 

©3 


0 

•i— > 

c 

_0 
•i— > 

< 

s_ 

_0 

o 

CD 

c 

0 

o 

GO 


> 

O 

CD 

03 
c n 
03 
c 

£ 

£ 



National Aeronautics and Space Administration 



0 

0 

a: 

o 

_Q 

0 

co 

0 

0 

o 

o c 

a: g 

2 a. 
I — _P 
q; 0 

0 o 

3 O 

0 

L_ 

0 

CL 

E 

0 


O) 




E 

0 

O) 

o 

Q- 

LU 

H 

< 

(D 


O) 

>* P 
0 *= 


0 C 

■a o 

i'-S 

CO £ 

tr 0 

0 0 
CL E 

? E 

■2 8 
0 ^ 
O O) 
0 C 



0 3 

a: cl 


• • 


CD 


c 

c 

CO 

.£ 

53 

•c 

o 

0 

"D 

C 

CO 



> 

o 

CD 

CD 

CO 

CD 

c 

<: 

$ 

£ 


N 


.C 

§ 


CD 

-2 


O 


O 


o 


CO 

CO 

C: 

O 


■n 

D) 

C 

CO 

-c 

O 


National Aeronautics and Space Administration 



co 

CD 

co 

CD 

O 


CD 

E 

c 

CD 




cn 



C/3 



<D 

O 

£ 

C/3 

<D 

H 


W) 

3 

a 

4h 

• i-H 

o 


i 

+- » 

aj 

2 

O 

O 

h-l 

?-H 

o 


o 




(D 

a 

+-> » 

o 

3 

e 

a 

+-> 


GO 

• 







www.nasa.gov 



National Aeronautics and Space Administration 



C/) 


0 




'(/) 


O 


Q. 


E 


o 

c 

o 

o 

o 

if) 

c 

0 0 

0 

M— = 

O M= 

z 

0 0 


CD 

o 


■p 

CD Q) 

"C o s 

( 1 ) C c 

O CD CD 

■O c ^ 

CD CD CO 

^ CD 

^ *- 
S-j S-* 

cl? 

CD (D CD 

c~- O 

0 c: c 

>> c e> 
O cl E 

1 


“O 

§ 

P 


oo 

0 p 

c K 

■p) ~o 
0 


p 


I 

CO 


0 


a % 

C 0 
O C 
O -C 

C 

,? o 


0 
0 
3 9 - 
cS ■§ 
0 I 

Q- co 

E £ 

0 =5 


O) 


o 


if) 


I 



> 

o 

CD 

CD 

W 

CD 

C 


0 

0 

0 

CL 

P 


0 

O 

C 

-p ^ 
O 00 

0 ^ 

E 

^ E 

-2 

co 

i 

o 


c 

-2 

0 ) 

o 

.5 


1= I 

.5 •fc 
CD ° 

vT . 
.CD 


c g 

■§ I 

O ■+- 

O 5 

E ° 

§ -Q 

c cc 

-Q ^ 

© o 

-j O 



Nanocomposites Have Potential for Use in 
Lightweight Cryogen Propellant Tanks 





60% Reduction in H 2 Permeability 
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compared to aliphatic treatment alone. 


Intercalation of Clay Layers with Low MW 
Oligomers Promotes Exfoliation 
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Intergallery Spacings Change During Reaction 
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Enhanced exfoliation (addition of PMR-5) creates more tortuous path for 
diffusion 
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Carbon Nanotube Based Materials 

F unctionalization 



SWNTs Additive, wt % SWNTs Additive, wt% 






CD 

CD 

Jj 



O 



CO 




a> 



wo ^ 

fe GO 


CN 

ft 

<D 


fi 

o 

CO 

o 

ft 

• i-H 


ft 


<D 
O 
<D 

ft 

CO CO 


<L> 


CO pfi 




> 

o 

CD 

03 
c n 
03 
c 

£ 

£ 



QJ 


© 

Qp 


s 


o 

© 

o 

= 

CC 




c 

o 


CO 

'c 

E 

■O 

< 

0 

o 

0 

Q_ 

(/) 

■D 

c 

0 

0 

o 

"- 4 — > 

D 

0 

c 

2 

0 

< 

0 

c 

o 


CO 


0) 

D) 

c 

CO 


CD 

O 

3 

CD 

CD 


_c 

- 4— ' 

!5 

_3 

o 

CO 

_c 
"D 

c 
0 

>. 


0 c 

0 o 

CO C £3 
0 0 
0 O 

i— LH 

o~ 

0 0 

■O Q. 

c 

o 

'(/) g 


_Q 

0 

0 . 
0 0 

gc 

O0 

°-o 

s- 0 

o >* 
o c 

CL 0 


0 

Q_ 

0 

■o 


0 


O 0 

0 

2 >* 
D)-£ 

^§E8 

!_ M= 0 

©■eg 

_c o>H 

1-0 Q- 


0 

3 

■o 


0 


-I— » 

0 > C 
- = 0 
> 


.o^ c 


o o 

0 

~ c 

o 

0 £ 
0 


o 

0 

o 

‘c 

0 

a> 

s_ 

o 


o..E 
■£.52 0 

0"O 0 


Is 

o 0 


Q_ 

O 


0 

S.iS 

-j- Q 0 CO 

0 

o 


o 


I 


c 

o 

CO . 

0 .* 
Q~b 
0 0 

=5 E 

0 0 

o| 

g§ 

0 Q- 
g>C 

E © 

1-2 


-g 

iS o o 

2 .® 16 


0 O 


0 

0 -= _ 

> -£ 0 
” 0 c 

O C M— 

0 LUO 


. 

o 


I 


g-E 

S| 

0 0 


0 
0 

N 0 


0 '— > 0 

0 c"g-- 
0 § ro "E 

0 

0-0 Q_ 

~§o 2 
^ c a 


LU 


I 


Lebron-Colon 


Functionalization of SWNTs 
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The continue exposure of SWNTs to acid leads to 
damage which may affect their properties. 
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Irradiation of oxygen saturated DMF suspension of SWNTs (450W Hg lamp, 18 h) 
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consequence of the photo-oxidation treatment. 

The thermal decomposition of the SWNTs still around 600 °C very near to the 
pristine SWNTs. 
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Annealing photooxidized tubes lead to recovery of Raman bands 
indicating substantial reduction or complete elimination of the oxygen 
groups. 


Graphite Offers Benefits Observed with both 
Layered Silicate and CNT 
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1) Sangyeob Lee, Donghwan cho, and LT Drzal, “Real-time observation of the 
expansion behavior of intercalated graphite flake”, J. Mat. Sci, 40 (2005) 231-234. 

2) D.D.L Chun, “Review Graphite”, Journal of Materials Science 37 (2002) 1475-1489. 


Initial Permeability Measurements Show Reductions 

Comparable to Layered Silicate 


I 



C/5 

<L> 

> 


§ 

W) 

• i-H 

o 


<D 


<L> 

<D 


c /5 

+-> 

<D 


<D 

2 

C/5 

C 3 

<D 


2 

0 

< 

cc 

c 

o 


C 

o 

"c/5 


C/5 


C/5 

0 


CL 

CO 

i 

O) 


- (D o N 


"O 
0 
"0 

© S 

Q_ CO 
C/5 Q- 

Q 0 


■ MM 

(- >* 
o = 

O 03 
© 

T 3 c 

0 E 

*1 0 


o C 
CM 0 
s- CD 
0 >. 
> X 

o o 


o 

-I— > 
0 
0 

Q. 

O 

E 

s_ 

0 


0 

0 


_C 

0 


CL 

0 


£ o> 


0 


0 

C 

0 


0 £ 

m 0 

0^ 

o_E 
E >» 
0 o 

CO CL 


> 0 

T 3 £ 

ffi O 
So 
go 

0 "D 


www.nasa.gov 22 



LU CO 



> 

O 

CD 


s Difference in surface area due to the separation of the graphite layers. 
S EG exhibits a strong diffraction peak by WAXD, FGS is amorphous. 

S FGS particle size is relatively small, making it easier to disperse 
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Surface modification of silica particles opens doors 

to other polymer systems 
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Revised COPV material recertification 

Identified Kevlar®49 failure mechanisms based on material impurities 
Linked importance of Kevlar®49 vintage to COPV quality issues 
Team Integrated with Orbiter Office 
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